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I N T R O D U C T I O N 
The development of scientific agriculture by man 
and development of plant pests have been on parallel lines 
since the very beginning of crop evolution. In India, 
agriculture is the dominant sector of economy. Over three-
fourth of the human population (525 million) lives in the 
rural areas of the; country -and directly or indirectly 
depends on agriculture for their livelihood. The 
agricultural production has increased at a. compound growth 
rate of about 2.5X per annum and made the country to 
sustain against the fast growing population at a rate of 
2.2 '/, per annum over the last three decades. In other 
words, growth of population has been keeping pace with the 
agricultural production. Therefore, in the Eight Five Year 
Plan, it h-as been targeted not only to achieve self-
sufficiency in food but also to generate surpluses of 
specific agricultural commodities for export to improve 
farmer's status and economy. 
According to Pesticides Association of India annual 
damage due to pests is approximately IS per cejnt of 
total produce. Efforts to develop improved plant 
protection technologies, for stepping up the production 
a.re being made since long. 
Roat. knot nematodes {Neloidagyne species) 3.re a 
detrimental group of plant pathogens and occur throughout 
the world- They infect more than 2000 species of 
different kinds of vegetables, cereals, fibre crops and 
cause considerable reduction in their yield (Sasser, 
1980). Among about 75 species of root-knot nematodes 
described, the major or prominent species are h. incognita. 
(Kofoid and White) Chitwood, M. jsvanica (Treub) 
Chitwood, N. 'Srenaria (Neal) Chitwood, and N. hapla 
Chitwood. The infected plants exhibit swelling of the 
roots at the point of invasion and produce typical galls or 
knots due to hypertrophy and hyperplasia, which not only 
deprive plants nutrient but also def-ace and reduce the 
market value of plant products. The endoparasitic 
sedentary females of NiBloidogyn& sp. settle their feeding 
sites in the ;;ylem parenchymal cells. Consequently, 
significant chi^nges occur in the morphology, anatomy and 
biochemistry of the host plant. Female nematodes induce 
development of giant cells numbering 3 - 6 around their 
neck in each gall. The sedentary females derive their 
nourishment from these multinucleate and granulated giant 
cells (Jones and Northcote, 1972 ). 
Root knot nematodes are also responsible for various 
disease comple^Kes, involving mostly wilt-inducing and root 
rot fungi, where severity of the fungal disease is 
greatly increased in presence of the nematodes. Similar 
associations occur with bacterial plant pathogens (Powell, 
1971 , 1979; Khan, 1984; Evans and Haydock, 1993; Franc 1 
and Wheeler, 1993), 
Several kinds of measures including the use of 
nematicides for management of root-knot nematodes have been 
in vogue since long. Use of nematicides is now being 
discouraged because of environmental pollution associated 
with their manufacturing and application. Their 
persistence in soil, residues in consumable plant parts, 
pollution of ground water, adverse effect on human health 
and several other hazards warrant discontinuation of their 
use or restricted use at the most. For these reasons, a 
large number of nematicides have been banned in many 
countries of the world. This has introduced a sense of 
urgency into the search of alternative methods of nematode 
management. 
Some fungi possess the capacity to destroy or 
deleteriously affect nematode populations. They range from 
obligate, endoparasitic forms, many of which are zoosporic, 
to predacious trap-forming species. All of them can not 
be very effectively used on commercial scale for various 
reiisons. In recent years, some hyphomycetous soil fungi 
have been reported to be opportunistic biocontrol agents 
that colonize reproductive structures of root-knot and cyst 
nematodes. 
Among the opportunistic fungi most frequently 
encountered in association with endoparasitic nematodes 
in significant numbers are species of the genera: 
Psecilomycesf Verticilliumf FLiBS.riu.mf Gl iaclsdiumf Fhoma 
and Exophials., The overall and long range success of 
these hyphomycetes as biocontrol agents of root-knot 
nematodes will depend upon their adaptability in 
varied agro-ecological conditions and the range of 
ecological conditions under which they would remain 
efficient. These aspects 3.re important to know in order to 
use them as regul^^r control measures in different parts 
of the worlds Such studies on hyphomycetous fungi which 
are known biocontrol agents are not sufficient to draw 
definite conclusion. Occurrence and efficiency of such 
biocontrol agents have not been determined in India. 
Therefore, following aspects are to be studied in relation 
to the biocontrol of root-knot nematodes a 
1. Survey of vegetable fields in the districts of Western 
Uttar Pradesh for determining the frequency of occ.Uirrenc.e 
of fungi (Hyphomycetes) associated with egg masses, eggs 
of root-knot nematodes. 
2. Isolation, identification and m-aintenance of soil 
fungi found associated with egg m-asses / eggs of root-knot 
nematodes. 
3. Laboratory test of fungi maintained in stock for 
colonization / infection of egg masses / eggs of root-knat 
nematodes. 
4. Efficacy of culture filtrates and metabolites of some 
fungi parasitizing eggs of root-knot nematodes„ 
5. Pot triails for assessments of efficacy of known 
biocontrol agents and noaw biocontrol candidaxtes for 
c: a n t r o 1 o f i- o o t - knot nematodes. 
6. Field trials of known biocontrol agents and neew 
biocontrol candid-ates for control of root-knot nematodes. 
7. Assessments of reproductive and infective patentiails of 
some soil fungi established as biocontrol agents on various 
kinds of indigenous organic matters for inoculation 
application in field. 
L I T E R A T U R E R E V I E W 
During the past. several decades many optimistic 
researches have been carried out in the field of 
biological control of plant - parasitic nematodes and 
are going on at a stretch by four main approaches : 
1) exploitation of naturally suppressive soils, 2) soil 
amendments to encourage the activity of indigenous soil 
microbes, 3) application of selected strains of 
bacteria and fungi and 4) microbial enzymes and toxic 
metabolites. More than 150 species of fungi of diverse 
biology and affinities are ubiquitous in most soils 
and possess the capacity to destroy or deleteriously 
affect papulation dynamics of plant ~ parasitic nematodes 
(Barron, 1977, 1981 ; Mankau, 1980 ; Morgan - Jones and 
Rodriguez ~ Kabana, 1987 ; Kerry, 1990 ; Khan 1987). 
Endoparasitic fungi 
Though in the natural ecosystem endoparasitic fungi 
significantly contribute towards suppression of plant 
parasitic nematode populations, yet they have not been 
considered as potential biocontrol agents because only 
a few of them are commonly encountered in soil; their 
biology is not known; and they can not be easily 
grown in axenic culture due to their obligate pi^rasitic 
nature. Endoparasitic fungi set upon the nematodes 
host by adhesive spores that first attach to the 
nematode cuticle or by spares thait are ingested by 
the nematode and lodge in the alimentary canal. Among 
hyphomycetous genera which can be grown in culture 
are Acrast3.l3igmu5, hlArpasporium and M&ria ; and among 
soosporic forms, which are relatively less easy to 
isolate in pure culture, are CatfBrmris,, Nyzacytiufn ctnd 
Haptaglassa.. These organisms are unable to parasitise 
the stylet- bearing plant parasitic nematodes because 
their spares can not be ingested through the narrow 
lumen of stylet (Cooke, 1968). Where attempts have 
been made to use such fungi for biocontrol of plant 
parasitic nematodes, not much success' has been 
achicsved. For example Nematactanus, a basidiomycete 
failed to control plant -parasitic nematodes (Giuma and 
Cooke, 1974). 
Meria caniaspora was found to infect a bacterial 
feeding nematode, Fanagrel lus r&di%''ivus specifically at 
the more chemosensory organs (Jansson , 1982 5 
Jansson and Nordbring-Hertz, 1993). Neri-a coniospora has 
also been found effective in reducing root galling 
caused by root- knot nematode on tomatoes in 
greenhouse pot trials. Application of the fungus by 
addition of conidial suspension to soil and by 
introduction of infected nematodes both gave 
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positive results (Jansson et ai.l935). Another fungus, 
w i t I'l a similar biology, HI rs atel 1 a rhas.s i 1 iens is., was 
shown somewhat sensitive to f ungistasis,, commonly 
shown by fungi specialized for parasitism (Jaffee 
and Zehr, 1985). 
Juhl (1985) in an experiment under gres^nhouse 
conditions showed that the Hirsutella h&teraderse a 
parasite of juveniles of H&te^radera schachtii, was 
highly effective against the nematode. In naturally 
infested soil it caused 92 7. reduction in cyst 
formation while in autoclaved soils added with H, 
schachtii reduction was up to 58 "/•. 
Cayrol and Frankowski (1986) studied the influence of 
the number of conidia of Hirsutella rhossilisnsis 
adhering to the cuticle of Ditylenchus dips^aci and 
reported that a single attached conidium was 
sufficient to kill the nematodes 5 only the time of 
death was affected by nematodes numbersu Jaffee and 
Mclnnis (1988) reported that H. rhossiliensis is 
ineffective only when its adhesive spores remain 
attached to their phial ides on the mycelium and 
applications of aqueous suspensions of conidia are 
not infective unless they first produce more spores in 
soilu Jaffee et al. (1988) quantified the parasitism of 
8 
soil- borne nematode, Criconemel la. xenaplan by the 
fungus, H. rhossil iensis i'tnd they found considerable 
nematode su.ppres<3ion „ Jaffee and Mu.ldoon (1989) 
reported that the penetration of cabbage roots by H. 
Bcha.ahtii was suppressed 50 -777. in loamy sand ne^turally 
infested with the fungus, H. rhassiliensis. 
Neamataphthora gynaphila, a common parasite of 
H&teradisra. avenae and Catenaria aux il iaris, a parasite 
of /••/- Bichachtiif are two zoosporic fungi which are 
prominent in controlling the cyst nematodes, W, 
gynaphila which is the most prevalent, produces 
biflagellate zoospores that penetrate and kill the 
deve^loping females and their eggs (Kuhn, 1877 ; Kerry, 1977 
; Kerry et al, 1980). Kerry (1975) determined the effect 
of C. au.>iil iaris on oat cyst nematode H. a%'-enae 
populations. Fumigating nematode suppressive soil with 
formaline selectively eliminated N. gynaphila_, and the 
surviving cyst nematodes, were found to be freed from 
parasitism of the fungus- Kerry (1980) showed that C. 
a.u>-:il iaris parasitizes females of H. schachtii on the 
root surface, and causes nematode cuticle and prevents 
cyst formation, N. gynophila reduced the population of 
cereal cyst nematode. H. avenae to nondamaging level. 
Formalin applied as a soil drench at 3,000 1/ha inhibited 
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parasitism by Wema taphtha rei g y naphila. a n d l-'e rticil 1 i urn 
chlsmydasporiLim and increased Heteradera. a venae papulations. 
Formalin had no effect on nematode multiplication in soil 
where the fungi were absent» The increase in nematode 
multiplication after treatment was considered a measure of 
the suppression by the fungi thaxt were estimated to kill 
about 95% of females and egg. (Kerry et aJ! , 1980, i982a). 
Crump et ai. (1983) reported that population of 
soyabean cyst nematode, HeteraderB glycines declined in 
the presence of N. gynaphila and C, <3u>iil iaris. Prasad and 
Dayal (1986) reported that fungi C<3.teneri3. anguil lul^ie 
and Myzacytium humicola destroyed the nematodes of genus 
^rnphidarylaimus sp. through endo^oic parasitism. 
Suppression of H. avenae by N, gynaphila wais found 
by Stirling (19SS), Crumpt and Moore (1990) for the 
first time recorded N. gynaphila attacking G1 abodera 
rastochiensis. 
Predacious fungi 
The predacious or nematode -trapping fungi are 
generally associated with free-living nematodes. 
Currently more than 100 species have been studied 
extensively and much has been published on the inter-
relationships between/aimong them and their hosts 
(Drechsler, 1941 5 Duddington, 1956 ; Cooke, 1968 ; Barron, 
1977). Parasitism by these fungi is established, and 
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efforts have been made to assess their potential as 
biocontrol agents of plant parasitic nematode's. 
Nematode—trapping fungi produce an extensive hypjhal 
system for trapping live nematodes. The trapped nematode 
is penetrated by fungal hyphae and its entire body 
contents are rapidly consumed. In general, nematodes are 
cap)tured either by aidhesive or non-adhesive devices. 
Adhesive deviceas include hyphae, knobs, branches, networks 
whereas non-adhesive devices A re either non 
constricting rings or constricting rings. Du.ddington 
et a.!» (1956) carried out an experiment to assess the 
effect of a predacious fungus, DactyliRria thaumsBia 
together with three types; of organic maitter (compost , 
leaf mold and chopped cabbage) on soil papulation of 
Glabadera rostochienisis. Two other predacious fungi, 
I'-^rthrobatrys canaides and ,4, al igospors naturally-
existed in the soil. They found no positive effect 
on the potato yield or on nematode cyst and egg 
populations. In a similar experiment, Duddington et al. 
(1956) investigated the effect of adding D. tha.ums.sia and 
Dactylella doedycaides along with organic matter, on 
the activity of H. schachtii, Treatments with both 
fungus and organic matter increased the yield but the 
fungus had no significant effect on the final cyst 
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population whereas organic matter achieved reduction. Hams 
and Wilkin (1961) tested efficiency of Arthrabatrys 
robusts, Dactylsria Candida, and D. thaumasia for the 
control of Heterodera. spp. The results suggesteed that fungi 
can not be applied in the field on commercial scale for 
the suppression of nematode populations. In cin 
e;;perim€;nt to determine the efficiency of Dactylaria 
eudennata against Glabodera rostachiensis, Hutchinson and 
Mai (1954) reported that the fungus did not 
considerably affect the number of immature females 
developing in potato roots. 
Mankau (1961) applied Arthrabatrys arthrobatryoideB and 
Dactylaria thaLumasia into soil infested with 
Melaidagyne incognita to reduce root- knot damage to 
tomato and okra but the results were erratic. Cayrol et 
al„ (197S) prepared an isolate (Royal 300) of 
Arthrabotrys cana ides to protect mushrooms Agaricus 
bisporus against Ditylenchu.s mycel iophagus. When introduced 
into compost on rye grain at a rate of 1% w/w with 
mushroom spawn,the mushrooms were protected against 
the attack of D. myceliaphagusu 
A second fungus, Arthrabotrys irregularis strain 
1141b, is also commercially available as Royal 350. 
Cayrol and Frankowski (1979) applied this fungus on 
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rye grain at 140 g/m^ (1.4 t/ha) to soil infested 
with Neloidogyne and reduced the damage to tomato. 
They suggested that applications should be made at 
least 30 days before planting and incorporated into the 
soil surface. 
Ruelo and Davide (1979) observed under greenhouses 
conditions that i^rthrabotrys musiformis was more efficient 
than D&.ctylaris. brochapaga and i'^. al igaspora in reducing 
M, incognita infection on tomato plants . The 
efficiency of these fungi were greatly increased when 
chicken manure or its extract was added to the soil. 
Stirling et a l . (1979) found Dactylel la a';'-iparasitica as 
more successful biocontrol agent against Nelaidogyne 
sp. in some peach orchards of California. Although 
Me'laidogyne eggs were an important food source, the 
fungus was able to survive without the Nematode. 
The fine infection structures of f^phelenhus avenaef 
Ditylenchus dipsacif Nelaidagyne incognita,, Fanagrei Ins 
redivivuB^, Pratylenchus crenatus and P. pen&trans by 
Dactylel la lysipaga,- i^rthrobotrys iriLisifarmis and ,4. 
dactylaidsB have been investigated by means of scanning 
and tre-in Emission electron microscopy (Wimble and 
Young, 1984). Mankau and Xuiying 1985) observed 
frequent association of Monacrasporium B11ipsosporium 
with Melaidagyne egg masses in some field soils and in 
potted cultures of the nematodes. Si;-; geographic 
isolates varied in their relative predacity towards 
larvae emerging from egg masses« They selected an 
aggressive isolate for rapidity and abundance of trap 
formation in vitro, and tested in greenhouse as well 
as in the field for protection of tomato from M. 
incagnita.. At harvest, the improved plant growth and 
reduction in Melaidagyne population were obtainedu 
Kumkum and Gopal (1986) tested the effects of culture 
filtrates of Arthrobotrys ol igaspons, Dactylari-B brachapaga. 
and Curvul€^ris. pal lescence on the hatching and larval 
penetration of Melaidagyne incognita, and He te rod era zeae. 
A. al igaspora wais the only fungus to inhibit hatching and 
larval penetration significantly at all concentrations 
while D. brachapaga and C, pallescence were effective only 
at 100 to 90 "/. concentrations. Man sen et al . (1986) made 
comparisons among larval stages of Caoperia. ancaphara, 
Rhabditis Nahlgemathi and Panagrel lus redivivu.s in their 
ability to induce Arthrobatrys oligaspara to form traps 
in vitra and found no difference in the potential of 
the various nems^todes to induce fungal traps. 
Gronvold et aJ!»(1937) reported the number of larvae of 
Caaperia oncaphora were much lower in plants treated 
with Arthrobatrys aligaspara. 
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The infection rate of MelaidagynB incognita juveniles 
was reduced by more than 90"/. in soil infested v^ jith the 
nematode- trapping fungus, Nans.croBparium el 1 ipsosporium 
to tomato roots. The number of N. incagnits juveniles 
entering tomato roots decreased with increased M. 
el 1 ipsosporium inoculum density (Gaspard £i.nd Mankau, 
1987). Sa;<ena et al- (1.987) studied trap formation in 
/qrthrobotrys al igosparaif t^. conaides and No ns. eras pari urn 
cystosponxm against the free living nematodes, Ps.nagrel lus 
redivivus and found a definite pattern of trap formation in 
these predacious fungi. Boag et al. (1988) observed 
the efficiency of flrthrobatrys dasguptsie against a range of 
plant- parasitic nematodes. Rotylenchu.s species and 
criconematid species retained many more detachable adhesive 
knobs than other plant parasitic nematodes. More adhesive 
knobs were found at the anterior end of the body. The 
knobs attached only to one of the species tested in the 
genera Longidorus,, Xiphinema, Trichodorus and Fara-
trichodarus, 
Kim et al. (1988) evaluated effect of five predacious 
fungi, i^lrthrobatryB a rth robot ryo ides, A. conaides, 
A. ol igaspora, Dactylel la lobata and Fusariuo} o>;ysparu.m 
on Meloidogyne hapla and Rhabditis species in soil. A 
significant reduction in the population of both nematodes 
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was achieved. Jawich and Bochow (1989) used the i4-day-
ald culture of Arthrabotrys tartor against Meloidagyne sp» 
on different substrates in greenhouses. About 84-90% 
reduction in hGlaidagyne sp- infestation of tomato was 
achieved. Pelagatti and Piccola (1990) tested the 
02ffectiveness of the commercial product R 350 with a 
base of fiirthrohatrys irregularis with an Italian 
population of Meloidagyne incagnite. on tomato in the 
greenhausiS. The result showed significant effect on 
nematode. 
Opportunistic fungi 
Discovery of opportunistic soil fungi as parasites 
of females, cysts and eggs has intensified currently an 
enormous interest in this group of organisms for 
biocontrol of nematodes. These fungi colonise nematode 
reproductive structures. Nematode belonging to genera 
Meloidagyne , Heterodera, and Glabadera arej^ highly 
vulner-able at sedentary stages of their life cycle, 
either within host plant roots or when exposed on 
the root surface or within soil . 
Korab (1929) implicated Tarula heteraderae as cause 
of disease of eggs and juveniles in cysts of H. 
schachtii. Goffart (1932) reported that 
Cylindracarpan radicicala was capable of embryo 
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destruction and prevention of hatching in Hetsradera 
Avenae. High incidence of cyst disease of H. Bchaichtii 
was reported by Rademacher and Schmidt (1933) and 
l-1et3.rrhiziLm snisapl iae was found as the principal 
parasite. Rozypal (1934) also found 7, het&raderse in cyst 
of H. schs.chtiif together with two other fungi. An 
incidental reference to a disease of H. schs.chtii cysts 
was made by Jones (1945) but no details were given. Van 
der Laan (1953,1956) examined cysts of Globadera 
rastachienBis and recorded the presence of a number of 
fungi . 
Destruction of nematode eggs by Fusariu.m and 
CephaloBporii.im was first noted by Lysek (1963). The ability 
of some fungi like Verticil 1 ium chlamydaspariLiWy V-
bulbil loBurn., Martiere 11 a na.na, Paeci 1 omyceB 1 ilacinu.s., 
Ac reman i um ba cill OBpa rum an d He J! i coon fa ri nas urn i n 
perforating eggshells and entering the eggs of nematodes was 
reported by Lysek (1966). Investigations by Bursnall and 
Tribe (1974) and Graham and Stone (1975) of cysts of 
Heteradera avenae and H.schachtii confirmed the 
regular occurrence in soil of a number of fungi capable 
of invading cysts and eggs and of inducing disease. 
Symptoms encountered included granulatr and shrivelled 
eggs, black eggs containing spore-like bodies and eggs with 
contorted juveniles. During last two decades number of 
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surveys have further confirmed that cysts and eggs 
are regularly colonized by fungi and have shown that a 
relatively consistence mycoflora is associated with these 
structures (Gintis et al. 1983 ;Dackman and Nordbring-Hertz, 
1985 ; Jatala, 1986 ; Morgan ~ Jones et al^ 1981, 1986). 
Jatala et ai. (1979) reported that eggs of 
Melaidagyne incognita on potato roots in Peru were 
found to be infected by FaecilamycBS 1ilacinus and 
this fungus was shown to be capable of invading mature 
females -and also cysts of Glaboder.3. pallida^ Price et 
al . (1980) reported that root galling by Meloidagyne 
hapla was decreased in the presence of Fusarium oKysparum 
f. sp. lycapersici and Verticil 1ium dahliae. Watanabe 
(1980) reported that Verticil. I ium sphasrasparum was 
harmful for i^phi^nchaides,, C&phalabus and 
Panagralaimus. Franco, et al, (1981) reported that the 
percentage of infected eggs of Glabadera pallida increased 
as time of exposure to Paecilc/myces 1 ilacinus 
increased and decreased hatching was correlaited with 
the increased infection of eggs by the fungus. 
Hanssler and Hermanns (1981) concluded that lytic 
enzymes secreted by the Verticil Hum lecanii play a 
major role during the cyst wall penetration. The fungus 
colonized in cyst cavity immediately after penetrating 
the wall. Morgan - Jones et a.Z. (1981) encountered 
IS 
Verticil 1ium chlamydosparium parasitizing Melaidogyne 
arenmria. females, and the same species has been 
found in cysts of Heterodera glycinGS. 
liargan Janes et al . (1983) showed that Verticil 1 ium 
chlamydasparium was capable of preventing egg hatching of 
MelaidagynB rsnaria and colonizing eggs by hyphal 
penetration- Both egg shell and juvenile cuticle were 
found to be physically disrupted, and fungal hyphae 
readily proliferated endogenously within eggs and 
juveniles. Morgan Jones et ai.(1984) found that hyphae 
of Paeciloaiyces 1 ilacinuB readily penetrated egg shells 
of N. arenaria through small pores dissolved in the 
vitelline layer. Invaxded eggs become swollen as a 
result of a change in shell permeability and undergo a 
number of ul trastruc tural changes- The? vitelline layer 
splits into three separate membranes, the chi tin 
layer becomes vacuolated, and the? lipid layer largely 
disappears. 
Dackman and Nordbring - Hertz (1985) isolated 15 
different fungi from different stages of Heteradera 
avenafB life cycle- Among the egg parasites Vsrticillium 
chlamydasparium was common in young cysts on roots, 
whereas an unidentified species of Verticil 1ium was the 
dominating species in cysts from soil- Roman and 
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Rodriguez - Marcano (1985) determined the effect af F. 
lilacinus in controlling the larvae and root knot or 
root gall formation of NeBlaidagyne incognita. in 
tomato cultivar Floradel. The fungus controlled the 
nematodes and reduced root-knot formation unden- greenhouse 
conditions. Dickson and Mitchell (1985) reported P. 
1 il'ScinuB to be largely ineffective for the management 
of Meloidogyne JB%'-anic<3. on tobacco in micro - plots. 
Reduction in number of galls caused by Melaidogyne 
tsrtsnsiris. on roots of Cucurbits. pepa in greenhouse 
tests following addition of oats colonized by two 
isolates of Gliacladiuw raseum and one each of G. 
catenulstuWy P. 1 il&cinus, V. chlamydosporiu.m and K-'. 
Ismel1icola were reported by Rodriguez-Kabana et 
al,(1984) Two other isolcttes of P. 1 ilacinus were 
ineffective in reducing root galling. Species of 
PcnecilamyciSB and Verticil 1 ium were not found associated 
with females, whereas Gliacladium spp. were recovered 
from females obtained in galls of plants from soil 
treated with Gliocladium spp. colonized oat. The results 
indicated that different species and biotypes within 
species vary in their biocontrol effectiveness. 
Villanueva and Davide (1984) collected 14 fungal isolates 
in the Philippine mainly from Neloidagyne incognita egg 
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masses from tomato, egg plant and celery roots, 4 were 
identified as PaecilomyceB 1ilacinus (two were from tomato 
roots one from egg plant and one from r-abbit faeces). All P« 
1 ils.cinus isolates parasitised N. incognita, eggs, but the 
isolate from rabbit faeces was less parasitic than the other 
isolates. Culbreath ei al. (.1.986) reported that soil 
infested with M. arenaria was amended with chitin (0, 0.1, 
O.2., 0.4, 0.8 and 1% w/w) and rice colonized with P. 
lilacinus (1, 2 and 5 g/kg soil). The treated soils were 
kept moist for two wee;ks and then planted with Cucurbita 
pepa seed. After 6 weeks the C. pa>po was removed and soil 
were replanted with f au.r--week-old tomato seedlings F. 
1ilacinus and chitin amendments were ineffective in reducing 
galling caused by M- arenaria in C. pepo„ In tomato, P. 
1ilacinus and chitin amendments reduced the number of 
galls/g root and the number of juveniles/g root. 
Irving and Kerry (1986) studied the infection of 
Heteradera av&nae and H. schachtii eggs by si;-; stroiins of 
Verticil 1ium chlamydosporium. Strains differed in their 
pathogenicity but all were parasitic and capable of 
colonizing viable eggs including those conti^ining 
second-sti^ge juvenile. Roessner (1987) tested four 
isolates of Cladosparium herbarum, Freussian sp. 
Fusarium axysparum 1 and 2 from damaged eggs of Globadera 
rostachiens i s . The species (especially C. herbaru.trt) were 
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more effective than different str-ains of '•^-'erticil I ium 
chla.mydasparium and Paeci J amyces 1 ilacinus . 
Neither galling nor giant cell formation was found in 
tomato roots dipped in a spore suspension of P. 1ilacinus 
and inoculated with N. incagnita>. while numerous large 
galls and giant cells were present in roots 
inoculated only with N. incognita (Ci^ .ban i 1 las et 
• a l . 1989) „ Hewlett et ai.(.t988) reported that 
FaBcilainycas 1 ilacinus was unable to control M« J3.v3.nic3. 
on tobacco under field conditions. Khan et al. (.1.988 ) 
analysed efficacy of culture filtrates (c„ f = ) of .P. 
1 ilacinus for control of N. incognita. (Race 2) on tomaito. 
All the concentrations of c. fu were effective in inhibiting 
juvenile hatching. The efficiency, howe^ver, varied with 
concentraxtions, higher concentrations were more effective. 
Complete inhibition was observed in 100 and 50% c. f. Root-
dip for 2--3 h significantly suppressed root g.alling and egg 
mass development. 
Rodriguez-Kabana and Morgan-Jones (1988) on the basis 
of mycological surveys of root-knot and cyst nematodes 
from tropical regions reported that fungi were 
mostly associated with females or cysts of 
species of Glabodera, Heteradera^ Meloidagyne. Cylindra-
carpan destrue tans and Ulac ladium at rum were the 
most common fungal species associated with G, pallida 
and G. rastachiensis u These fungi a.re not so frequent 
in nematode from temperate areas. Moussa and Hague 
(1988) evaluated the effect of Fusariu.m axysporuin f„ sp 
glycines on the invasion and development of Neloidogyne 
incognita on soyabean« Nematode invasion of the root was 
not affected but giant cells we^-e invaded by the fungus 
and destroyed. The numbers of females were reduced, 
Cabanillas et <3i . (1989) assessed the potentiail i ty of 
13 Faecilamyces 1 ilacinus isolates from va,riaus 
geographic regions against Neloidogyne incognita. An 
isol'Hte from Peru or a mixture of isolates gave best 
control of N. incognita. As soil temperature increased 
from 16 to 28*^0, both root knot damaxge and percentage of 
egg masses infectesd by P« 1 ilacinus increased. The 
greatest residual P» 1ilacinus activity on M. incognita 
was obtained with a mixture of fungal isolates. 
Toxins produced in cultures in liquid media or on 
solid gel media by Fusarium, Trichoderma and 
Aspergillus niger were effective against larvae and 
adults of Meloidagyne aind those by Paecilainyces 
1ilacinus were effective against Meloidogyne and 
Heterodera both (Cayrol, 1989). Cayrol et al, (1989) 
studied the nematicidal properties of the culture 
filtrate of F. lilacinus by growing it on , different 
liquid media. The best nernaticidal activity was obtained 
on malt medium with motion less aerated cu.Ituresu ToKin 
was efficient against the M'S.loidagyne and Heteradera. 
According to Sharma et ai „ (.1.989) Fa.ec.iloiTiyc.es 
1 HadnuB is a good competitor in mast soi, 1 s particu 1 ar 1 y 
in w-armer regions and as a biocontrol agent acts 
better against Mslaidagyne incognita. Gaspard et ai„ (1.990) 
determined population densities of Melaidogyne incognita and 
Paecilamyces 1 ilacinus and Verticilium chlamydaspariu.m in 
20 Northern California tomato field over two growing 
seasons. E-ioth the fungi were isolated from .12 fields. The 
results suggested that V. chlamydosporium and P. 
1 HacinLis were not effectively suppressing population of M, 
i ncagnitci i n the tomato f ie 1 ds surveyed ., Khan and 
Esfahani (1990) observed that P» 1ilacinus effectively 
promoted growth of tomato plants inoculated with /*?„ 
ja.vanica by suppressing its pathogenesis. Root gall ling 
by the nematode and egg mass production were greatly 
reduced. The fungus was greatly effective when the 
fungus and the nematode were inoculated simultaneously 
or the fungus preceded the nematode in sequential 
inoculation. Conversely ? when th'a nematode preceded 
the fungus , the improvement in plant growth and reduction 
in root galling and egg mass production were not 
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substantial. Mayer et alu (1990) assayed twenty fungi in 
vitra jfor antagonism to to eggs of He'teradBra glycines. 
Phowa chrysanthswiczalaf one strain of Verticillium 
chlauvydasporium and one strain of V. lecanii caused a 
decrease in the number of viable eggs although no 
hyphae were observed colonizing the eggs. Trichaderma. 
palysparum infected the eggs but enhanced their 
survival. Qadri aind Sal eh (1990) determined the impact 
of several nematode antagonistic fungi on Heteradera. 
schachtii and M&loidagyne Javanica by inhibition of the 
fungi in field soil and by their addition to nematode 
cultures on media and in pots. Application of 
fungicides resulted in increased H. schachtii 
multiplication rates. Similarly, soil pasteurization or 
app1ication of fungicides increased the root ga11ing 
inde;-; of tomato caiused by M. javanica. On agar 
Ac reman i um s clero t i gum ^ PreuBs ia s p . , I'e r t i c i l 1 iu.m 
chlamydasparium and Fusarium solani infected 82 - 72 "/, 
eggs of H. schachtii. They also reduced root galling 
by M, javanica. 
Five doses of commercial products of Paecilamyces 
1ilacinus isolated from eggs of M. incognita were applied 
in a powder formulation (10 spores/g of product) against 
lairge infestations of M. arenaria on tomato plants 
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under greenhouse condition. Population of the nematode 
was significantly reduced by the fungus at 10 
and 100 g of spores /m'^  in the second and the third 
nematode generations. The number of colonised egg 
masses and number of non viable egg increased with 
fungal inoculum (Carneiro et al. 1991). Siddiqui and 
Husain (1991) found P. 1ilacinus most effective 
a g a i n s t N. i ncagni t a w h e n p r" e s e n t alone , or w i t h 
Maicrophoivimi phaisealins.^ followed by I'^spergil lu.s niger^ 
.•'!„ flBvuB f i^H tern<3ris brBSBicicolSf and Fussrium 
so Iani on chickpea. Aviva and Sikora (1992) used 
non target isolates of Verticil 1 ium lecainii to control 
Glabaders. pallida.. The isolates infected viable and 
non-viable (heat-killed) eggs to the e;;tent of 36°/i and 
297., respectively. Based on the favourable results in 
the laboratory , the isolates of V. Iscanii were used 
against maiture eggs of Globodera. pal 1 ids. Crump and 
Irving (1992) reported that most effective isolates of 
Verticil 1 ium chlamydoBparium gave 757. and 76X 
control of first generation eggs of H, schachtii and 
Glabodera pallida respectively. 
Kim et al . (1992!) studied the ul trastructure of 
Heterodera glycines cysts , eggs and j uven i1es with 
transmission and scanning electron microscopy. Parasitized 
cysts, eggs and first-stage juveniles in eggs were 
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filled with hyphae of an unidentified fungus named 
ARF' IS « The results suggested thc\t ' ARF 18' 
penetrates the cyst cuticle enzymaticallyu De Leij et 
3.1, (1992) reported that Verticil 1 ium chlamydasparium 
was least effective in controlling M. incognita at 
higher nematode densities presumaxbly because many egg 
maisses stayed embedded in the;' gall tissue and were 
therefore protected from fungal attack. De Leij et 3.1. 
(1993) reported that establishment of Verticil 1ium 
chlamydosparium in the rhizoplane of tomato plants was 
greater in pe^aty sand than in loamy sand or sand. Control of 
M. incagnit3 and M. hapla was in general greater peaty sand 
(average 597.) than in the other two soil types (average 
control in loamy sand 51"/ and in sand 397.). In a microplot 
experiment on sandy loam , V. chLamy'dasporium controlled 
populations of N. haiplai on tomato plants by more than 907.. 
The fungus multiplied and survived in soil for at least 123 
days. More fungus was found in rhizosphere soil tham in non-
r h i 2 OS p lie re so i 1 . 
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M A T E R I A L S A N D M E T H O D S 
S u r v e y 
Survey will be conducted in the areas of extensive 
vegetable cultivation in the districts of Western Uttar 
Pradesh. Root saimples of vegetables infected with root-
knot nematodes will be collected from the fields in 
polythene bags., The bags will be properly la.belled and 
brought to the laboratory for examination„ Roots from 
each sample will be washed under tap water and 
examined for the presence of galls e^ nd egg masses. 
Identification of nematode species 
The perineal pattern method and / or North Carolina 
host differential tests will be used far identification 
of the species of Nesloidogyns present in the root 
samples collected from each locality. The perineal 
patterns of mature females (10-20) from each sample will 
be prepared and examined under microscope for their 
characteristics and identification of the species 
(Eisenback et ai. 1981), North Carolina differential 
host tests (Taylor and Sasser, 1978) may be conducted 
wherever necessary for species identification. After 
identification of species ,single egg mass culture of 
M. incognita or M. java.nica will be raised and maintained 
for' e X p e r i m e n t a 1 u s e , 
Direct observation of egg masses for infection 
Egg masses randomly collected from the roots of each 
sample will be directly examined under microscope for 
the infection by soil hyphomycetes (known biocontrol 
agents or new biocontrol candidaites) „ The percentage of 
egg masses infected with such fungi will be calculate^d 
for each field / locality. 
Similarly, eggs from infected egg masses will be 
spread over a glass slide by pressing the egg mass with 
a cover slip and stained with cotton blue in 
lactofjhenol and numbers of infected and non-infected 
eggs will be counted and their percentage will be 
calculated „ 
Isolation of fungi associated with egg masses 
A few egg masses (10-20) randomly collected from the 
roots infected with M. incognita or M, javanics in 
each sample will be thoroughly washed and plaited on 
potaxto dextrose agar (PDA) contained in sterilised 
petriplates. The composition of PDA will be as follows: 
Peeled and sliced potatoes 200 g 
Dextrose 20 g 
Agar - agar 20 g 
Distilled water 1000 ml 
The medium will be prepared in the laboratory and 20 ml 
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of it. (heated and cooled to 45°C) will be taken in each 
sterilized petriplate. Sme^ll amount of streptomycin will 
alsBO be? added to each petriplate to check bacterial 
CGntaxminations u The egg masses will be plated under 
aseptic condition on a laminar flow bench„ Thereafter 
the inoculated petriplates will be incubated at 20 + 2°C 
•far a. week in an incubator and fungal colonies 
developing around egg masses will be examined and 
identified. Percentage of egg masses infected (colonized) 
by the fungi will be calculated. The fungi apparently 
penetrating the eggs will be isolated / multiplied and 
maintained on PDA slants for further studies. The isolates 
dt^pending upon the observation, vjill be grouped into 
known biocontrol agents and new biocontrol candidates 
and will be tried for their efficiency accordingly. 
Artificial inoculation of egg masses and test of 
colonization 
The egg masses of root-knot nematodes (M. incognita 
and / or M. jav<anicci) will be taken and treated with 
mercuric chloride (0.0.17.) for 1 to 3 minutes and washed 
repeatedly in sterilized distilled water to remove the 
traces of mercuric chloride. Later these surface 
sterilized egg masses will be placed on PDA in 
petriplates. Small quantity of the fungus to be tested will 
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be inoculcited over egg masses. The whole procedure will be 
carried out under laminar flow bench. In some 
petriplates only surface sterilized egg masses will be 
plated and no fungal inoculum will be added- These 
petripli^tes will serve as control. The petriplates (with 
inoculated egg masses and non-inoculated egg masses)will 
be incubated at 20 + 2'~'C in an incubator. After the 
incubation period for a week, the egg masses will 
examined for penetration of the fungus into the egg 
masses and subsquently, the infection of eggs. For 
determining the percentage of infected eggs in each egg 
mass, the egg me-i.5ses obtained from both tested and control 
petripl'Htes, will be stained with cotton blue lac to phenol 
solution aind egg m-asses will be gently pressed over a 
glass slide to separate the eggs. The number of eggs 
infected with the test fungus will be counted under the 
microscopic fields and percentage of infected eggs 
will be calculated. 
Efficacy test of culture filtrates 
Efficacy of culture filtrates of the test biocontrol 
agents, detected during the study as efficient parasites 
of root- knot nematodes, will be tested in greenhouse 
conditions by root dip techniquos. Roots of three-week-old 
seedlings of test plant (tomato or egg plant) will 
dipped in different concentrations of the culture 
fi 1 tratess of the fungi for 1,2,6,12 hrs- The seedlings 
dipped in tcip water will serve? as control. Later, the 
seedlings will be transplanted in pots containing 
autoclaved soil. After 60 days, plant growth parameters, 
root galling and egg mass production will be recorded. 
Pat trials for assessment of biocontrol agents 
Pot trials will be conducted for assessing the 
efficiency of known biocontrol agents and new 
biocontrol candidates collected during the survey and 
found parasitic on egg masses / eggs in laboratory 
tests. Suitable host (tomato / e?gg plant) will be selected 
as test crop and Nelaidogyne? incognita or /*/» j3.vanic& as 
test nematode. Plant growth, root galling, egg mass 
production, percent colonization of egg masses on a root 
system will be considered for assessing the effi-
ciency of the test fungi as biocontrol agents. 
Raising and maintenance of test plant 
Seeds of test plants (tomato cv,. Pusa Ruby / egg 
plant cv. Pusa kranti) will be surface sterilized with 
0.017. mercuric chloride solution for 2 minutes and washed 
thrice in sterilized distilled water. Seedlings will be 
raised in clay pots containing autoclaved field soil. 
Three week-old seedlings will be transferred to 9cm 
diameter c1ay pots (one seed 1ing per pot ) filled with 
sterilized filed soil. Watering will be done whenever 
required. Such potted seedlings will be inoculated for 
the experiments as described later. 
Preparation of nematode inoculum 
Large number of egg masses will be handpickced with the 
help of sterilised forceps from heavily infected 
tomato / egg plant roots maintaining single egg mass 
culture of M. incagnitai or M. javanica. The egg masses 
after washing in distilled water will be plac6?d in a 
small sieve containing a crossed layer of tissue paper. 
The sieves will be placed in petriplates containing 
water. The water level will be allowed to touch the 
bottom of the sieve having egg masses. A series of 
such assemblies will be kept to obtain a large number 
of second stage juveniles (J^ )^ of the nematodes for 
inoculation. The hatched juveniles will be; collected 
from the petriplates after every 24 h and 
transferred to a beaker and fresh water will be added 
to petriplates. Suspension of second stage juveniles 
of M, incagnits. or M. jsv'anica will be thoroughly stirred 
to obtiiin their homogenous distribution,, The number of J-^  
in the suspension will be standardized by counting their 
numbers in .tO, one ml samples from the suspension. The 
inoculum density for the experiments will be 2000 J-^  per 
pot in general -
Raising and maintenance of fungal culture 
The inoculun of the test fungus will be raised in 
Richard's liquid medium (Ricker and Ricker, 1936) having the 
fallowing compositian s 
Potassium nitrate 
Potassium dihydrogen phosphate 
Magnesium sulphate 
Ferric chloride 
Sucrose 
Distilled water 
pH 
1.0 „ 00 g 
5 „ C'O g 
2. 50 g 
0,. 02 g 
50.00 g 
1000 ml 
6.6 to 7.2 
The medium will be prepared filtered through muslin 
cloth and sterilized aind autoclaved at 15 lb 
pressure for 20 minutes in 250 ml conical flasks each 
containing 100 ml of the liquid medium. The flasks will 
be inoculsited with the test fungus from PDA slants 
under aseptic conditions on laminar flow bench. 
Inoculated flasks will be incubated at 20 + 2 °C for one 
week . 
Preparation of fungal inoculum 
After incubating the flasks for one week, the 
liquid medium will be filtered through Whatman filter 
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paper No. .1. u The mycelial mat will be washed in distilled 
water to remove the traces of medium a\nd gently 
pressed between the folds of sterilized blotting 
paper to remove? the excess of water. The inoculum will be 
prepared by mixing 10 g of the fungal mycelium in 100 ml 
of sterilized distilled water. Ten ml of the suspension 
will ba contain 1 g of fungus. The same procedure will be 
followed for raising the inoculum of other test fungi 
obtained from egg mi^sses „ 
Inoculation technique 
Three-week old seedlings of test plants will be 
inoculated with 2000 freshly hatched juveniles (J'p) of 
the nematode and 1 g of test fungus, respectively,, during 
the course of study. Feeder roots of seedlings, just before 
inoculation, will be exposed by carefully removing the 
top layer of the soil and the required quantity of the J^ 
suspension or fungal incolum will be poured uniformly 
all around the exposed roots using a sterilized 
pipette. Exposed roots will be covered immeHiiately by 
levelling the soil properly. 
Field trials 
Efficacy of known biocontrol agents or new biocontrol 
candidates, found effective in controlling root-knot 
disease on test crops in pot trials, will be assesed in 
field plQtSu Crop growth, yield, root. galling, egg 
mass production will be used as parameters for their 
efficiency axssessmentu 
Preparation for field inoculation 
The test fungus will be grown on sterilized rice 
grains,. Rice grains will be soaked in water for 12 h 
and the soaked seeds will be kept on paper towel or 
cloth to remove excess of water. The seeds will then 
be placed in Erlenmeyer flasks and sterilised in an 
autoclave for 50 min. Spore suspension of the test 
fungus will be prepared in sterilized water,, The flasks 
will be inoculated by the spore suspension adding 
several ml of this suspension by sterilized pipette. The 
flasks will be inoculated in an incubator at 25°C and the 
fungus will be allowed to grow on rice^ grains. 
Fourteen days after inoculation, the rice grains with 
the fungus growing on their surface will be used for 
field application. 
Field inoculation and experiment 
Root-knot nemiitodes N, incognita / M. ja\'-einica. infested 
field will be prepared u.niformlv' for planting test 
plants. Treaitment plots will be preparesd in the field 
wi th a 1 -metre space between the piots . The f LIngus 
infected rice grains at the rate of 1.5 kg/40 square 
metre of the plats will be spread evenly 10-.1.5 cm 
deep in the soil and covered well before planting of 
the seedlings. Care will be taken, so athat the run-off 
water from the irrigation does not enter from one plot to 
another. The experiment ^^ lill be conducted in a 
randomi:;ed block design (RBD) using atleast five? replica-
tions per treatment. Each treatment will consist of 
atleast 5 rows. Upon harvest;, yield per hectare will be 
calculated accurately and also the yield per plant will be 
recorded. Root galling and egg mass production will be rated 
on 0-5 scale of Taylor and Sasser (1978). Egg masses 
and eggs will also be examined for infection by the 
fungus and their infection percentage will be ca.lculated. 
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